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Abstract. Pyrrolizidine alkaloids are considered the primary defence mechanism in aposematic ithomiine butterflies and arctiid moths. Despite evidence that pyrrolizidine alkaloids are effective against some invertebrate predators, proof for a protective function of pyrrolizidine alkaloids against vertebrate predators is fragmented. The present work shows that the pyrrolizidine alkaloid monocrotaline is unpalatable to the pileated finch, Coryphospingus pileatus, and that the unpalatability is learned through association with a specific colour pattern (blue stripes). In a series of trials, using mealworms as model prey, birds rejected those to which pyrrolizidine alkaloid solution had been applied topically but accepted prey devoid of the alkaloid. Subsequent offerings of prey with pyrrolizidine alkaloid and a painted blue-striped pattern led to consistent rejections by the experimental birds. Birds were then offered blue-striped painted larvae without pyrrolizidine alkaloids ('mimics'), which were rejected at levels similar to the previous trial. The predators learned to recognize the prey as unpalatable items based on their experience in the previous encounters. These results provide evidence for the protective capacity of the pyrrolizidine alkaloid against a vertebrate predator and supports the role of these chemicals in aposematism in the Lepidoptera.
The Association for the Study of Animal Behaviour
Visually hunting vertebrate predators are regarded as the major selective agents for the evolution of aposematic coloration in Lepidoptera (Brower 1984) . Theoretical analyses and experimental work have provided evidence for the importance of these predators in the development of adaptations in prey against detection, attack or manipulation (Chai 1990; Endler 1991) . Chemical defence is a well-studied adaptation of many aposematic Lepidoptera, in which the possession of an unpleasant chemical characteristic is associated with conspicuous coloration. Thus the warning coloration acts as a reminder to the predator of a previous negative experience (Harvey et al. 1982; Guilford 1988) . The fact that predators learn to reject distasteful prey based upon their aposematic signals can be exploited by palatable prey that send false signals and are thereby protected by Batesian mimicry (Turner 1984) .
Pyrrolizidine alkaloids are stored by some Lepidoptera and are used for the synthesis of pheromones and also presumably for defensive purposes against visually oriented predators (Boppré 1990).
Pyrrolizidine alkaloids are found in ithomiines, danaines (Nymphalidae) and arctiids (Boppré 1990) and can protect an arctiid, Utetheisa ornatrix (Eisner 1982; Eisner & Meinwald 1987) , and ithomiines and danaines (Brown 1984 (Brown , 1985 against the tropical spider Nephila clavipes. In contrast, two mouse species from Mexico, Peromyscus aztecus and Reithrodontomys sumichrasti, tested on monarchs, are deterred primarily by cardiac glycosides and not by pyrrolizidine alkaloids (both are present in the over-wintering butterflies), even though the latter are toxic to them but the former are not (Glendinning 1990; Glendinning et al. 1990 ). Although pyrrolizidine alkaloid-storing species are aposematically coloured and play significant roles in mimicry rings (Papageorgis 1975; Brown 1988) , there is little experimental evidence that these chemicals can give effective protection against visually oriented vertebrate predators. To understand the evolution of aposematism among pyrrolizidine alkaloidbearing insects, it is also necessary to test whether predators can learn to associate the presence of pyrrolizidine alkaloids and a prey colour pattern.
The present study was an experimental test of the palatability of the pyrrolizidine alkaloid,
